Purpose. The purpose of this study was to test if moderate to vigorous physical activity (MVPA) in less than the recommended !10-minute bouts related to weight outcomes.
INTRODUCTION
Because physical activity (PA) recommendations for health have changed over time from more vigorous to more lifestyle PA recommendations, the evidence for whether ''every minute counts'' is sparser than the evidence for more sustained highintensity activity. 1 The 1970s ''exercise'' prescription of !20 minutes of sustained vigorous PA was replaced by broader recommendations that included lifestyle activities, such as brisk walks. Specifically, on most days of the week, individuals should achieve !30 minutes of moderate to vigorous PA (MVPA), accumulated in ''bouts as short as 8 to 10 minutes.'' 2 In the health promotion field, many recommendations likely yield even shorter bouts. For example, common recommendations to take the stairs when possible or to walk to the corner store likely yield bouts that are shorter than 10 minutes. Such short-duration PA is commonly reported by participants in programs to increase PA. 3 The 10-minute minimum MVPA bout recommendation was based on randomized trials that compared interventions that consisted of longer bouts, such as 30-minute continuous bouts, or shorter bouts, with total MVPA minutes held constant. For example, studies might compare two treatments: one daily 30-minute walking bout vs. three daily 10-minute walking bouts. 4 Such studies served as the foundation for the 2008 recommendations of 150 moderate PA (MPA) minutes per week, to be accumulated in 10-minute bouts. 5 Specifically, the review underlying the 2008 MPA guidelines judged that there was sufficient evidence to support cardiovascular and fitness benefits from accumulated 8-to !10-minute MPA bouts but insufficient evidence to recommend 8-to !10-minute bouts to favorably modify body mass index (BMI). 6 This left two questions untested: do 10-minute MVPA bouts relate to BMI and do even shorter ,10-minute bouts relate to BMI?
A review of eight short-vs. long-bout studies showed that MVPA training related to lower BMI, with four studies favoring accumulated 10-minute bouts and only one study favoring a longer 30-minute bout. 7 Evidence for the health benefits related to ,10-minute bouts has been sparse but promising. Some clinical trials showed cardiovascular health benefits of shorter bouts of 6 minutes 8 or 5 to 10 minutes. 9 ,10 Past reviews also found evidence that health benefits may accrue from any additional MVPA. 11, 12 One small clinical intervention study showed that !5-minute bouts were related to lower BMI. 10 Most relevant to the present research is a study by Strath et al., 13 who used 2003-2004 National Health and Nutrition Examination Survey (NHANES) data. The investigators tested whether MVPA ''nonbouts,'' defined as ,10-minute MVPA bouts, would predict BMI after controlling for !10-minute MVPA bouts as well as age, race/ethnicity, smoking status, gender, and self-reported health status. Nonbout MVPA minutes per day related to lower BMI, but the associations were approximately one-fourth as powerful as bout minutes per day.
Since the publication of Strath et al., 13 new research has suggested different standards for both bouts and MVPA thresholds. Strath et al. 13 required !10-minute continuous MVPA to define an MVPA bout. More recently, there has been consideration of ''modified 10-minute bouts'' that permit 1 to 2 minutes below MVPA threshold in a 10-minute bout to allow for interruptions common in lifestyle PA, such as pausing for traffic before walking across streets.
14 In addition, most recent MVPA definitions 15 require higher accelerometer counts per minute (cpm) thresholds than the 760 cpm used by Strath et al. 13 Troiano et al.
14 computed from a sample-weighted average of prior accelerometer validation studies an MVPA threshold of !2020 cpm, equivalent to 3 metabolic equivalents (METs; 1 MET ¼ 3.5 mL O 2 Á kg À1 min
À1
). As noted by Metzger et al., 16 these prior studies used MVPA cpm cut points ranging from !1267 to !2743. [17] [18] [19] [20] Accordingly, an activity like child care (equivalent to 2.4 METs) would register approximately 760 cpm, whereas a brisk walk would register slightly more than 2020 cpm. 15 These new standards and definitions suggest the need to revisit and extend the research of Strath et al. 13 To test whether PA accumulated in shorter than the recommended !10-minute bouts relates to BMI, the current study amplified the work of Strath et al. 13 in several important ways. First, we used the recently developed modified !10-minute bouts definition that allows for 1 to 2 minutes below MVPA threshold in a 10-minute bout. 
Variables and Measures
Outcome measures included clinically measured BMI and a categorical measure of overweight/obesity. For PA measures, the SAS macro for processing NHANES accelerometer data from Troiano et al.
14 was used. Four days of !10 hours of accelerometer wear were required for the accelerometer data to be considered valid.
14 Nonwear time was defined by !60 consecutive minutes of zero activity intensity counts, allowing for 1 to 2 minutes of ,100 cpm. Wear time was defined by 24 hours minus nonwear time. Accelerometer data were discarded if units were out of calibration when the device was returned or if the device measured unlikely levels (i.e., 32,767 cpm) of activity. 28 Combining both bout length and intensity cutoff points, four PA measures were created: higher-intensity long bouts (!10-minute bouts and !2020 cpm), higher-intensity short bouts (,10-minute bouts and !2020 cpm), lower-intensity long bouts (!10-minute bouts and 760-2019 cpm), and lower-intensity short bouts (,10-minute bouts and 760-2019 cpm). Higher-intensity long bouts represented the Centers for Disease Control and Prevention-recommended !10-minute MVPA bouts, allowing for 1-to 2-minute interruptions within any 10-minute window. The average daily minutes for each category were calculated across all valid days. Note that these four measures were mutually exclusive. Depending on the intensity threshold and bout length requirement, some or all of these four measures could be added up to form various measures of total MVPA minutes per day.
As defined in Table 1 , covariates based on past research included age Author PDF. May be distributed widely by e-mail. Posting on Web sites prohibited.
(log transformed to account for possible nonlinearity and heteroscedasticity), 13 marital status, 21 education, 22 race/ethnicity, 13 family size, 23 household income below the poverty level, 24 average caloric intake per day based on two 1-day dietary recalls, 25 self-reported current smoking status, 26 and selfreported poor or fair health. 13 Total accelerometer wear time across all valid days was also controlled. 30 
Statistical Analyses
Analyses were conducted with SAS 9.2, including descriptive analyses (Surveymeans and Surveyfreq), least squares regressions for BMI (Surveyreg), and multinomial logistic regressions for the categorical variable of normal weight, overweight, and obese (Surveylogistic). These procedures corrected for the complex sampling design of NHANES as recommended. 31 Sampling weights were adjusted for combining 2003-2004 and 2005-2006 data. Past research found significant gender differences in BMI determinants. 32 Accordingly, statistical analyses were conducted for men and women separately using domain analysis. In addition, domain analyses were also used to account for the sample selection criteria of 4 days of valid accelerometer wear. Although four domains were included in the analysis by gender and accelerometer data validity, only the results for two of these domains were relevant for this study: women with 4 days of valid accelerometer data and men with 4 days of valid accelerometer data. Diagnostic tests revealed no problematic levels of multicollinearity. Table 1 shows that average BMI values were in the overweight range. Compared with women, men were more likely to be overweight (41% vs. 27%) but less likely to be obese (32% vs. 34%), to smoke (27% vs. 20%), and to consume more calories per day (2679 vs. 1850). Figure 1 reveals that individuals achieved substantially more higherintensity MVPA minutes in short bouts than the recommended long bouts, with very short 1-to 2-minute bouts especially prevalent. Note that in Figure 1 , the apparent jump from 7-minute to !8-minute bout length is an artifact of combining all higher-intensity long bouts together.
RESULTS
For both men and women, most PA minutes were accumulated in lowerintensity short bouts, followed by higher-intensity short bouts, lower-intensity long bouts, and higher-intensity long bouts. Men were more physically active than women (Table 1) , accruing longer mean daily minutes in all four measures of PA. Converting the average daily minutes to weekly minutes, women on average accumulated 46 minutes higher-intensity long bout minutes per week, compared with men's 61 minutes. Both were much less Additional analyses (not shown) by age showed that higher-intensity PA decreased steadily with age, whereas lower-intensity PA had an inverse-U pattern, peaking between ages 25 to 44 years. Approximately 48% of women and 61% of men spent some time in higher-intensity long bouts, whereas 83% of women and 89% of men spent some time in lower-intensity long bouts. Almost all individuals spent some time in short bouts of either higher or lower intensity.
For women, the regression results in Table 2 show that each average daily minute spent in higher-intensity long bouts was related to À.04 BMI value, after adjustment for confounding variables. Each average daily minute spent in higher-intensity short bouts was associated with À.07 BMI value. However, Wald's F test showed that the difference between the coefficients for short and long higher-intensity bouts was statistically insignificant (p ¼ .35). The two lower-intensity measures had no statistically significant relationship with BMI.
Applying the BMI formula of weight in kg/(height in m) 2 or weight in pounds/(height in inches) 2 3 703, each average daily minute spent in higher-intensity MVPA had the equivalent calorie offset of .19 kg (.41 pound) for short bouts and .12 kg (.26 pound) for long bouts for a 165-cm (65 inches) woman. This means when two 165-cm women are compared, after adjustment for confounding variables, the woman who regularly engages in 1 more minute of short-bout MVPA each day weighs .19 kg less than the other woman, and 1 more minute of longbout MVPA is related to an additional .12 kg less.
For men, the results were similar, but with smaller effect sizes. The coefficients were À.04 for higher-intensity short-bout minutes per day and À.03 for higher-intensity long-bout minutes per day. Wald's F test showed that the difference between the coefficients for higher-intensity short and long bouts was statistically insignificant (p ¼ .42). The two lower-intensity measures had no statistically significant relationship with BMI.
Applying the BMI formulas again, each average daily minute spent in MVPA had the equivalent calorie offset of .12 kg (.27 pound) for higher- Author PDF. May be distributed widely by e-mail. Posting on Web sites prohibited.
intensity short bouts and .09 kg (.20 pound) for higher-intensity long bouts for a 178-cm (70 inches) man. This means when two 178-cm men are compared, after adjustment for confounding variables, the man who regularly engages in 1 more minute of higher-intensity short-bout MVPA each day weighs .12 kg less, and 1 more minute of long-bout MVPA each day is related to an additional .09 kg less. The results for the multinomial logistic regression on the categorical variables of normal weight, overweight, and obese are presented in Tables 3  (for women) and 4 (for men). Normal weight was used as the reference group. For both men and women, none of the four PA variables were statistically significantly associated with the risk of being overweight. In addition, lower-intensity PA minutes, short bout or long bout, were not significantly related to the risk of either overweight or obese. Where PA did matter was in the risk of obesity. Both higher-intensity long-bout and shortbout minutes were associated with lower risk of obesity, although the coefficient for higher-intensity shortbout minutes did not reach the conventionally accepted statistical significance level for women. After adjustment for confounding variables, each daily higher-intensity short-bout minute was associated with 2% lower odds of being obese for men. Each daily minute in higher-intensity long bouts was associated with 5% and 2% lower odds of obesity for women and men, respectively.
The effects of covariates confirm known patterns, albeit with some significance levels that vary by gender and weight measures. Tables 2 through 4 show that older age and poorer health related consistently to higher BMI and higher risk of overweight or obesity. Both smoking and having a college degree were associated with lower BMI and lower risk of overweight or obesity. Less consistent effects emerged for marital status, other education categories, family size, poverty, ethnicity/race, calories, and total hours of accelerometer wear across valid days.
DISCUSSION
As hypothesized, short bouts of higher-intensity MVPA related to lower BMI, even after controlling for the longer recommended bout lengths and many covariates. However, lowerintensity bouts of long or short duration were not significantly related to BMI or the risk of overweight or obese, after adjusting for confounding variables, supporting our second hypothesis that higher-intensity bouts related to BMI more than lower-intensity bouts.
As compared with the data reported by Strath et al., 13 our BMI results were similar for long bouts but more powerful for short bouts. We found higherintensity long bouts to have regression coefficients of À.04 and À.03 for women and men, respectively, whereas Strath et al. 13 found that long bouts had coefficients of À.04 for their combined gender data set. For the long bouts, the stricter definition of Strath et al., 13 with no allowance for 1-to 2-minute interruption, led to a higher coefficient than ours; however, the inclusion of lower-intensity bouts between 760 and 2019 cpm led to a lower coefficient than ours, leaving the combined effect comparable.
For the short bouts, we found regression coefficients of À.07 and À.04 for women and men, respectively, compared with À.01 for MVPA ''nonbouts'' (1-9 minutes) for the combined gender data set of Strath et al. 13 Note that ''nonbouts'' variable of Strath et al. 13 included both higher-intensity and lower-intensity short bouts. Our findings showed that higher-intensity short bouts were significantly related to BMI but lower-intensity short bouts were not. As such, the inclusion of lower-intensity minutes greatly reduced the overall size of the ''nonbouts'' coefficient of Strath et al. 13 on BMI compared with ours, especially given that people accumulated so many more lower-intensity short-bout minutes (77 minutes/day for women and 90 minutes/day for men; Table 1 ) than higher-intensity short-bout minutes (14 minutes/day for women and 27 minutes/day for men; Table 1 ).
Our data support the notion that every daily MVPA minute counts, in that every daily minute spent engaging in MVPA, in either short or long bouts, was associated with lower BMI for both men and women. However, such MVPA minutes have to be in higher intensity, defined as accelerometer intensity .2020 cpm. Moreover, our results showed that every minute in higherintensity short bouts was just as beneficial to BMI as every minute in higherintensity long bouts. Every minute of short bouts also related to lower obesity risk for men, but the negative coefficient for women was statistically insignificant.
The underlying explanatory mechanism for the lack of association between low-intensity PA and BMI is not well understood. Past research has suggested that higher-intensity PA induces secretion of lipolytic hormones including growth hormone and epinephrine, 33, 34 which may facilitate greater postexercise energy expenditure and fat oxidation, whereas lower-intensity PA does not have the same effect. 35, 36 Further research efforts are needed for a better understanding of this issue.
The cross-sectional data limited our ability to determine cause and effect. It could be argued that individuals with higher BMI values may be less likely to engage in higher-intensity MVPA than individuals with lower BMI values. In addition, although objective accelerometer measures of MVPA are better than self-report, they do not measure the intensities of some activities, such as swimming and activities involving upper-body actions. Use of single cut points for all adults may lead to an underestimate of moderate-intensity activity for individuals with certain chronic diseases by not accounting for the decline in exercise capacity with illness. Also, we focused only on BMI- As such, our data strongly suggested that PA in bouts ,10 minutes is related to lower BMI. The question of whether short bouts relate to health is important for health promotion and obesity prevention efforts. Long bouts take more deliberate efforts. Although the current MVPA guideline of accruing 8-to !10-minute bouts to total !150 MVPA minutes per week has demonstrable health benefits, 5 the reality is that fewer than 4% of U.S. adults aged 20 to 59 years achieve this guideline.
14 Short bouts of exercise, on the other hand, may enhance adherence. 37 If individuals understand that short bouts also support healthier BMI, they may be encouraged to weave them into their daily routines.
These results support current health promotion campaigns and programs. For example, New York City has adopted design guidelines that encourage planners and builders to design attractive stairs and to create short walks from workspaces to lunchrooms, mail rooms, and bathrooms, based upon the assumption that short bouts of walking are healthy. 38 Such short daily walks may be fairly accessible; for example, 93% of workers in one study noted that stairs were accessible to them at work. 39 Although this study did not examine health outcomes beyond BMI and overweight/ obesity, the evidence suggests that current campaigns that encourage bouts ,10-minute traditional bout may be consistent with healthy weight.
CONCLUSION
The health promotion implication from our research is ''every minute counts!'' The results support public health and clinical recommendations to make small lifestyle changes such as taking stairs instead of elevators or parking further for a longer brisk walk to and from work or shopping. If done on a regular basis, such MVPA activities are consistent with lower BMI. Although long durations of exercise are beneficial to health, our results show that brief and brisk bouts are just as beneficial to BMI.
What is already known on this topic?
Few U.S. adults achieve the recommended !150 minutes of moderate to vigorous physical activity (MVPA) per week in the recommended 10-minute minimum bouts. Few studies have investigated the relationship between bouts ,10 minutes and weight outcomes.
What does this article add?
Using 2003-2006 National Health and Nutrition Examination Surveys accelerometer data, we related weight outcomes to MVPA thresholds (760 vs. 2020 counts per minute [cpm]), bout durations (,10 minutes, !10 minutes), and an extensive list of control variables. We found that bout duration did not matter for weight outcomes when intensity exceeded 2020 accelerometer cpm. Lower-intensity bouts of either length were unrelated to weight. What are the implications for health promotion practice or research?
This evidence supports current health promotions that urge individuals to add short bouts of MVPA to their day by using the stairs, walking to the store, or parking at the far end of the lot. For maintaining healthy weight, the health promotion message should be ''every (brisk) minute counts!'' 
